Aging is generally interpreted according to two opposing paradigms: 1) as a non-adaptive phenomenon, caused by the age-related failure of homeostatic mechanisms; 2) as a specific function, favored by natural selection, which determines the self-destruction of the organism, namely explaining aging as phenoptosis. This interpretation requires genetically determined and regulated age-specific mechanisms, now well documented by an impressive and growing scientific evidence. It follows that, in principle, aging is modifiable even up to the condition, already existing for many species, of "negligible senescence", alias unlimited longevity.
INTRODUCTION
When Darwin published his theory of evolution by natural selection [1] , the main criticism was the contrast between the astonishing power attributed to natural selection, capable of shaping the eye, the brain and numberless very sophisticated characters, and its apparent incapacity to avoid senescence decay. This question was terrible, a possible deadly blow for the new theory, and Darwin knew its great danger. He had two possible answers: 1) (Non-adaptive hypothesis) The first was to postulate that natural selection could shape the infinite marvels of the living beings but not to preserve a body from the damages caused by time. This was a postulate without any proof and had the flavor of an ad hoc hypothesis. Moreover, among the species there were enormous differences in aging rates. It was necessary to also assume that the limits in the powers of natural selection were different from species to species: another postulate without any proof and with the flavor of an ad hoc hypothesis. 2) (Adaptive hypothesis) The second possible answer, chosen by Darwin, was to propose that the age-related progressive decline of all functions had some supra-individual advantage. Darwin hypothesized that aging was advantageous for the species [1] , but he knew very well that this explanation was not proved and therefore was weak and easily disputable. Likely, he preferred it because it did not, as the first answer did, undermine the roots of evolutionism, but the explanation was a temporary setback that needed a careful reassessment.
Weissmann, following the path indicated by Darwin, hinted that the decay of the individuals was useful to the species because this caused a faster generation turnover and therefore a faster evolution [2] . However, he did not expand on his hypothesis and later disavowed it [3] . For about 70 years, the question was practically ignored by the biologists: aging as a natural phenomenon which did not need an explanation was (and is) a common assumption both for the general public and for scientists. Even the opponents of evolutionism did not appreciate that this problem could jeopardize the whole evolutionary notion. The concept that prevailed -and still prevails -was that "aging" was only a useful word to indicate the effects of a number of distinct causes of wear and deterioration. These were uncontrollable in their action as demonstrated by the fact that natural selection could not influence them (wear and tear hypotheses [4] ): "Ageing is a stochastic process that ... results from the diminishing energy available to maintain molecular fidelity. This disorder has multiple aetiologies including damage by reactive oxygen species" [5] . The denial of aging as a distinct phenomenon was formalized in the international classifications of diseases (ICD) ([6]), where no separate code to indicate aging was available. For health official statistics, nobody dies from old age and even a centenarian can die from heart failure, kidney failure, cancer, or for many other reasons but not from old age [7] , although it is well known that about two thirds of the deaths in the world may be attributed to age-related diseases [8] .
In the fifties and later, some biologists began to revive the problem of how to explain aging in the context of evolutionism, but the answers were sought strictly within the logic of aging as the result of defects of natural selection. An early theory (mutation accumulation hypothesis [9, 10] ) observed that there is an age-related decline of surviving individuals, thereby weakening the effectiveness of natural selection at older ages and so this could explain aging as due to genes with harmful effects at older ages. A variant of this theory (antagonistic pleiotropy hypothesis [11, 12] ) postulated that there exist genes which were advantageous in youth but harmful at older ages. Aging was the result of conflicting selective actions in respect of such genes, which did not allow the elimination of their harmful effects. Another variation of the theory (disposable soma hypothesis [13, 14] ) postulated the existence of limited metabolic resources. For the best subdivision of these undefined resources between reproduction and soma necessities, natural selection preferred reproduction, and aging was caused by imperfect maintenance of the soma.
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In fact, all the above-mentioned hypotheses were based on a pivotal concept of evolutionism which is apparently unavoidable but actually an inappropriate simplification. In the original definition of evolution, selection favors the individuals best suited to survive and reproduce [1] . But, even in the simple case of asexual reproduction, it is already necessary to consider two or more individuals (the parent and one or more young) and, in the case of sexual reproduction, we must consider three or more individuals (two parents and one or more young). Moreover, if we consider the non-sexual relationships among individuals, the so-called social relations, it is clear that very often it is essential to consider the selection in supra-individual terms. All this became very clear and agreed with the emergence of the concepts of kin selection [15] [16] [17] and of selection in spatially structured species [18] , an indirect form of meaning group selection, which was a taboo explanation for many years [19, 20] . Meanwhile, the above-mentioned interpretations of aging were the subject of strong criticism [21] [22] [23] [24] [25] [26] [27] and theories for which aging was explained in terms of supra-individual selection were proposed [21, 24, [28] [29] [30] [31] [32] [33] [34] [35] [36] . Moreover, strong evidence indicating that the phenomenon was genetically determined and regulated was emerging (see below). In parallel, a growing evidence documented species whose individuals, under certain circumstances, and/or optionally, died without any benefit for the same individuals but with some advantage for other individuals [37] . Clearly, these individual sacrifices could not be explained in terms of individual selection but required some form of supra-individual selection.
There was no single term to define this whole category of phenomena. In fairly recent times, the proposal of an authoritative biochemist, Vladimir Skulachev, who was not an evolutionist, was necessary to define the unifying concept of "phenoptosis" as the programmed death of an organism [28] .
DISCUSSION
Phenoptosis is an extraordinary notion because it also embraces the "gradual senescence with defined lifespan" [37] , e.g. mammal aging, and indeed to such type of phenoptosis was dedicated to the sub-definition "slow phenoptosis" [38] . The concept of phenoptosis implies a paradigm shift, namely a scientific revolution [39] . A century and a half after the birth of evolutionism, for the first time, aging is not classified among the effects of insufficient selection against harmful genes but, on the contrary, among many individualdamaging phenomena favored by natural selection, obviously in terms of supra-individual selection, and therefore determined and regulated by specific genes. The shift from the paradigm of aging caused by selection deficiency ("old paradigm") to the paradigm of aging conceived as a function ("new paradigm ") has some fundamental implications. The old paradigm implies that aging, being caused by multiple and inevitable factors, in principle, may be slowed downwith efforts that are less and less effective with increasing age -but never completely canceled [40] . The new paradigm implies that aging, being a function, may be controlled in principle with relative ease and even annulled [41] .While this may seem an abstract theory, on the contrary it is reflected in a series of discoveries that it is now necessary to discuss briefly (a more detailed exposition was proposed elsewhere [42] ).
-(Telomere -Telomerase -Limits in cell duplication capacities) In 1961, Hayflick demonstrated that cells divide only a finite number of times [43] . Olovnikov proposed that, as each replication shortens DNA sequence, this could explain the finite number of duplications observed by Hayflick [44] . The end of DNA molecule (telomere), was demonstrated to be, in a protozoon, a repetitive sequence of nucleotides [45] . The discovery of an enzyme (telomerase) which added other sequences of the nucleotides was a necessary explanation of why some cells, such as germ line cells, are capable of numberless divisions [46] . Some proteins were shown to have a regulatory repressive action on telomerase [47] .
-(Apoptosis -Cell turnover) The genetically regulated cell death by apoptosis was first described in 1972 [48] and then was documented for many tissues and organs [42] . Cell deaths by apoptosis, a sophisticated and highly regulated cell function, and other types of programmed cell death, in our species kill every year "a mass of cells equal to almost our entire body weight" [49] , balanced, in young subjects, by the duplication of stem cells, a phenomenon controlled by telomere-telomerase system [42] . Cells, such as neurons, which have in general no turnover, have metabolic dependence on other cells (gliocytes) that exhibit turnover [50] .
-(Cell senescence and its reversibility) The passage from a state in which a cell is capable of duplication (cycling state) to the non-cycling state is a random event inversely proportional in its frequency to telomere length [51] . This passage, defined as "cell senescence", is characterized by stereotyped and predictable changes and has been defined a "fundamental cellular program" [52] . Senescent cells show complex alterations of gene expressions and produce harmful substances in the cell matrix [53] . Cell senescence is a reversible program: telomerase introduction in somatic cells reverts manifestations of cell senescence and makes them able to divide indefinitely [54] [55] [56] [57] . The compatibility of this evidence with the two paradigms is illustrated in Fig. (1) .
-(Atrophic syndrome -Aging) The progressive agerelated insufficiency of cell turnover to compensate cell loss by programmed cell deaths and the increase of the fraction of cells in senescent state cause aging of all tissues and organs [50] , and is described as "atrophic syndrome". It is characterized by [42] g) vulnerability to cancer as a consequence of dysfunctional telomere-induced instability [58] .
-(Aging reversibility or delay) Telomerase reactivation in aged mice with artificially blocked telomerase determines a marked reversal of degenerative manifestations, even for neurons [59] . In adult or old normal mice, telomerase expression, induced by modified adenoviruses, delays aging and increases longevity without increasing cancer risk [60] . These data indicate that both cell senescence and aging of the whole organism are under genetic control and that both are potentially reversible by telomerase activation. This is perfectly compatible with the concept of aging as a phenoptotic phenomenon, since this idea necessarily requires the presence of specific aging causing mechanisms, which are genetically determined and regulated. On the contrary, the existence of such mechanisms is not compatible with the paradigm of aging as a consequence of heterogeneous events not genetically determined and regulated. Therefore, for the old paradigm it is essential that these mechanisms have an adaptive meaning different from aging [25, 42, 61] .
The current explanation, maintained by some eminent authors, is that they constitute a general defense against cancer [62, 63] , in fact trading off a greater resistance to malignant tumors with a more precocious aging [64] . This explanation is strongly contrasted by empirical data [25, 42] . In particular: a) species which show no aging ("animals with negligible senescence" [37] ) show the same telomerase activity at any age [65, 66] and have no cancer problem, as demonstrated by their constant mortality rate at any age; b) in our species, studied in wild conditions, the increase in age-related mortality is precedent to cancer-related deaths cases and it is impossible that defenses against cancer kill before cancer can develop [67] ; c) shortened telomeres, as a result of telomerase inactivity, cause dysfunctional telomereinduced instability and so the likelihood of cancer increases [58] ; d) in normal mice, telomerase expression delays aging but does not increase cancer risk [60] .
Telomerase activation is documented in many cases of cancer, but this is a consequence of the malignant proliferative mechanisms and not a cause of them [50] . However, the persistence of concepts derived from the old paradigm of aging as non-adaptive phenomenon maintains the fear of increased oncogenic risk by telomerase activation. On the contrary, for the new paradigm that defines aging as a type of phenoptosis, this fear appears unmotivated from a theoretical point of view and empirical data contrasting it are accepted without hesitation. Therefore, the controlled activation of the enzyme telomerase appears the main way to increase longevity, even to the point of indefinite longevity, i.e. mortality only by reasons other than aging.
A specific feasible project to examine this has been proposed [61] . In this project, intermediate steps of great importance, both for the project in general and in themselves, refer to the control of two diseases, Alzheimer's disease (AD) and age-related retina macular degeneration (ARMD), which are in fact two characteristics of the aging process [68, 69] . As mentioned before, nervous cells, with some exceptions, are not subject to cell turnover but depend on other cells which are subjected to cell turnover. For the photoreceptor cells (cones and rods), these cells are retina pigmented cells (RPC). Each day, every RPC, by phagocytosis, removes from roughly 50 photoreceptor cells, approximately 10% of the membranes having photopsin or rodhopsin molecules on them. These cells, which have a very high metabolic activity, show cell turnover and, when this turnover slows down, damaging substances such as A2E (a vitamin A-derived breakdown product) accumulate [70] , cells of RPC layer rarefy and leave holes in the RPC layer. This results in the death of the photoreceptors served and the onset of symptoms of ARMD, beginning from the macula, which is the part of the retina with the greatest density of photoreceptors [71] .
Just like photoreceptor cells (particular neurons without turnover) are dependent on other cells (particular gliocytes showing cell turnover), other neurons -as those of the Central Nervous System -depend on another type of gliocytes (microglia cells). As explanation for Alzheimer Disease (AD), the decline of turnover and functionality of microglia cells has been hypothesized [50, 61, 72, 73] . Microglia cells remove β-amyloid protein [74, 75] and it is proved that, in AD, there is inadequate removal and harmful accumulation of this protein [76] . Patients likely affected by AD show telomeres that are significantly shorter than in apparently normal subjects [77] . An age-related dysfunction of endothelial cells could be, at least in part, an explanation for AD [50] , but "a cell senescence model might explain Alzheimer dementia without primary vascular involvement" [50] . There is an association between Alzheimer disease or ARMD and unhealthy lifestyle [78] [79] [80] , which reduces the number of endothelial progenitor cells as a likely consequence of a quicker cell turnover of endothelial cells [81] . "Protective drugs" like statins, ACE-inhibitors and sartans, which contrast excessive cell turnover, are effective against AD [78, 82] .
Cures in accordance with the view that ARMD and AD are caused by the accumulation of damaging substances have been a big very expensive failure for pharmaceutical companies [83] . Although "the retina, with its high oxygen content and constant exposure to light, is particularly susceptible to oxidative damage" [84] , the meta-analysis of 12 studies "did not show that antioxidant supplements prevented early [ARMD]" [84] . Drugs or vaccines against the formation of β-amyloid peptide have proven unsuccessful against AD [69] . "Post-mortem analyses showed that almost all the patients had stripped-down amyloid plaques, despite most of them having progressed to severe dementia before they died" [69] . Cures that treat the cognitive alterations of AD have been another big failure [81, 85] . Rational therapies for ARMD and AD, consistent with the concept of aging as a phenoptotic phenomenon and with the mechanisms described above, would be to avoid the decline of cell turnover of the aforesaid trophic cells. This would be possible with telomerase reactivation in these cells, which should block the progress of the two above-mentioned diseases. This could demonstrate that the theoretical foundations are correct, and therefore the control of aging is a feasible goal. For ARMD, by an extraordinary coincidence, the first experiment where telomerase activation was tried on senescent cells was conducted precisely on RPC and showed that cells transfected with vectors which encoded the human telomerase catalytic subunit "had elongated telomeres, divided vigorously, and showed reduced staining for beta-galactosidase, a biomarker for senescence. ..." [54] . All this suggests that the control of diseases such as AD and ARMD is possible with methods based on the modulated activation of the enzyme telomerase.
CONCLUSION
Apart from the huge importance of the control of these diseases that alter the brain function or the vision of a growing number of people, these methods would pave the way for a general control of the telomere-telomerase system with the pursuit of the complete taming of aging according to the program already proposed elsewhere [61] . However, it is absolutely necessary to distinguish between: A) the control of aging, B) the effects of improved prevention and treatment of the diseases caused by unhealthy lifestyles. Often, the improvements in life expectancy resulting from B, are presented as progress in the control of aging but this interpretation is misleading and should be avoided [42] .
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